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Abstract

In the solar North-South Asymmetry(NSA) study we have used
sunspots data and flare index data for period 6-24 (years 1821
2019 solar cycles Earlier Verma (1992 reported long-term
cyclic period 11-12 solar cyclesin NSA and also predicted that
the NSA of solar activity phenomenaduring solar cycles 21, 22,
23 and 24 will be southern dominated and the NSA will shift to
northern hemispherein solar cycle 25. The presentstudy shows
that the NSA indicesduring solar cycles22 and 23 are southern
dominated as predicted by Verma (1992. The initial estimateof
NSAfor years200820150f solar cycle 24th is showing southern
domination and confirm the result of Verma(1992. The 11
solar c y c lpeiodsc behavior of the Sun may be related to
Internal structure of the Sun.

"SOLAR METROLOGY, NEEDS AND METHODS II" Royal Observatory of Belgium, Brussels
( September 21-23, 2015)



>

> >» I>» >

Bell (1962, Smithsonian Contr. Astrophys., %, 187

The first real study of NSA
wasdoneby Bellin 1962

Bell (1962 used sunspots
group data to study NSA
for period solar cycles8-19
asshownin Figure A.

Solarcycles Dominance

08-09 Northern
10-13 Southern
14-19 Northern

From Figure B is plot for
SC 0918 based on GMS
gives mixed results as
shownin Figure B...
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Ficure 1.—Percentage of spot activity occurring in the northern solar hemisphere
in each sunspot cycle from 8 ta 19. &, Heavy line indicates great (4 = 500) sunspot
groups; thin line, total spottedness. b, Percentage of great (9—@) and
small (- ) peomagnetic storms artributed to northern spot groups.
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Reid(1968,SP,5,207),Howard(1974,SP,35,59),Hansen & Hansen
(1975, SP,38,59), Roy (1977, Solar Phys., 52, 53 ) and Swinson et

al (1986,SP,106,35).

Authors Data Period Dominance

Reid SF 5865 North
Howard MF 67-73 North
Han &Hans Fl 6475 North
Roy SF 6274 North
Swinson SA,SN 7484 North

Roy(1977studied NSA using major
solar flares, sunspot magnetic classes
and sunspot areas data for period
19601964 (19"SC) and 1965
197520"SC).R o y étwdy also show
that NSA favor northern hemisphere
during above period and increases
strikingly with importance of events
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Fig. 3. Behavior of the asymmetry (cf. Figure 2) of nearly 17000 sunspot magnetic classes during

1962 to 1974. Sunspot groups with a complex configuration (By, y and §) display a more pronounced
asymmetry and mimic more closely the major flare asymmetry than those of all other classes (a, af,

ap, B, Bf and Bp).
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Verma, V. K.(1987, SP,114, 185)

A

A

Verma(1987) studied using
data of major flares, type Il
radio bursts, White Light

Flares(WLF) found that
NSA favor northern
hemisphere during solar

cycles 19 and 20 and also
found that NSA favors
southern hemisphereduring
solar cycle 21 for type I,
WLF, SGR, HXR and
CMEs. The data used in
study shownin sideTable.

TABLE I : Number of various sclar activity events recorded in

solar cycles 19, 20 and 21.

Various sclar  Number of events in solar cycles
21

activity events 19 20
N S N 5 N

S

Referonoes/source of
data.

Majar flares 407 195 589 330 -

Type I1 radio 122 42 223 137 25¢

bursts

white light 18 8 22 17 8
[lares

Solar gamma - - - - 40
ray bursts

HXR bursts - - - 40

- - - - 16

CMB's events

350

17

51

175

21

Dodson wvd Hedeman
{1371, 75)

Dodson and Hedeman
(1971, 75, 817 and
Solar Geophysical
pata ( L480- 1987)

Neidig and Cluwver
(1983), Hier et al,
{1986) and Huang
et al, (1960)

Rieger et al. (1983)
Yoshimori (1985)

Hinotori satellite
data

sheeley et al {1984)

N 1 Nothern hemisphere, § + Southern hamisphare.
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Verma (1987, Solar Phys., 114,185)

Verma(1987 studied using

data of major flares, type I 80 7 -
radio bursts, WLF found that 60 =
NSA favor northern 40 |
hemisphere during  solar o HXR Bursts

cycles 19 and 20 and also 20 s CMES B

found that NSA favors
southern hemisphere during
solar cycle 21 for type II,

0] ! [ E
—-20 - \g —

N—S Asymmetry (%)

WLF, SGR, HXR and CMEs —40 o ** Major Flares -
as shown in Figure 1. This 6o | °° Type I Bursts B
was the first paper to report a—s White light Flares

NSA southern hemisphere —80 - @ Gamma Ray Bursts B
dominanceduring solar cycle : : :

21 19 20 21

Solar Cycles

7ig. 1 A plot of various types of solar activity events in solar cycles
19,20 and 21 versus N-S5 asymmetry index.
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Verma (1992, ASP, 27, 429)

Verma(1992

studied NSA of

Sunspot Area, i

Sunspot  counts, B Pl Relocs
sunspot  groups, 3

solar flares, Major reas  1830-1871 Wolbach (1962)
flares, Gamma ray 1874-1984  Janes (1955)
flares and H-alpha : 19361976 Annals Royal Greenwich
flares  data for f’ Observatory, England

1833-1877 Newton and Milson (1955
1990 (Solar Cycles 1 19541986 Okten (1989)

time interval 1832

1036-1944  Behr and Sledentopf(

08-22) asshownin 1045195 - Smithand i (1908)

side Table 1. The 3
source of data is 135-1979  Dodson and Hedeman
s ﬂares 1980-1986  Vestrand et ol (1981)
also shown in side . 8
ares 19871990  Solar Geophys. Data

Table. |
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Verma (1992, ASPCS, 27,429)

Verma(1992 studied the I —————————

NSA of various solar b ;g

phenomena as shown in & YOF # Sunspot Counts % Sunspot Areas

side Figure 1 for period 8to E 06F * Sunspot Groups @ Solar Flares .
22 solar cycles This Figure : 04r I
show that the NSA may 02 I
have a period of 12 solar 1 00} ’\\\\ -
cycles (about 110 years) 2_0,2- -
Verma (1992 also reported L |
that the NSA will favor 2 sk 1
southern hemisphere 2 71 # Major Flares ™ H-alpha Flores |
during 220 239 and 24h € =08 %SGR Flares —
Solar cycles and shift to '1'07" e

northern hemisphereduring

Solar Cycle  Number
solar cycle25. ‘

Fig. 1 Plot of N-5 asymmetry of seven solar phenomens versus solar cycle number.
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A

Verma (1992 study of data
using e power spectrum
analysisis also carried out of
averages of NSA data for
period 159 years  which
iIncludes spot area, spot
counts, spot groups and H-
alpha flares data and found a
period 106 years along with
other period. This period is
close to 110 years period
obtained graphically asshown

In previousslide.

Verma (1992, ASP, 27, 429)
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Fig. 2 Plot of power psectral density of N-§ asymmetry data versus frequenc?(cycles/year).
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Verma (1993, APJ,403, 797)

Verma(1993
studied NSA of
Sunspot Area,
Sunspot
counts,sunspot
groups, solar
flares, Major
flares, Gamma
ray flares and
H-alpha flares

for time
interval 1832
1990 (Solar

Cycles 08-22)
as shown in
sideTable 2.

"SOLAR METR!
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- TABLE 2 A

ToaE INTERVAL

YEARS Sotar Cycies  Haosmess

1937-195%

18371858
18601904
1905-1956

19581965
19641574
1967-1973

1855-1974
1962-1974
1955-1974

1955-1965
1966-1975
19551965
19661975
19761986
1955-1965
1966-1975
1976-1986
19811982
19791982
19801981

19551964
19651975
1976-1986
19861990

1718

9
10-13
1418

10-20
19-20
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Verma(1993, APJ,403, 797)

A

Verma(1993 using
various solar activity
data as shown in side
Table. Verma(1993 used
sunspot area, sunspot
counts, sunspot groups,
solar flares, major flares,
gammaray flares and H-
alpha flares for different
time period as shown in
Table with respective
references

0w dadl s 1
olar Phenomena and Their
e i

Period  References

1832-1871 Wolbach (1962)
1874-1954  Janes (1965)
1935-1976  Annals Royal Greenwich
' Observatory, England
of counts  1833-1877  Newton and Milson (1955)
of groups  1954-1986  Okten (1989)
ares ~ 1036-1944 Behr and Siedentopf (1052)
10451955 Smith and Smith (1966_ ’
fares  1955-1979 Dodson and Hedeman (1
tay flares 1980-1986  Vestrand et ol (1987)
ares ~ 187-1990  Solar Geophys, Data
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Verma (1993, APJ, 403, 767)

R
Verma(1993 investigated © Wf ¥
NSA of various solar 08F v Sunspot Counts ® Sunspot heas
phenomenaas shown in 2 0sF * Sunspol Groups @ Solor Flores i
side Figure. We plotted a E 04t
figure between Solar i | /\ w |
Cycle Number and NSA ¢ | '\\ / \{3 |
index with error barsas ~_ | # w/ *
shown  in Figure. . "
Verma(1993 concluded &7 ’ ‘
from analysis that there ™[ & wprrires o oo
may be NSA periodicity B s pges 1
of 12 solar cycles ] R

7 g 11 13 15 1? i3 21 23
Salor Cycle Mumbzr U
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Atac andOzgug¢1996, Solar Phys, 166, 201)
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Fig.3. Plot of N-8 asymmetry of flare index (AFT) and sudden disappearances (ASD) versus solar
cycles. (ASD values adopted from Vizoso and Ballester, 1987.)
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Verma (2000 downloaded
active filaments data for
period 19571958 from
NGDC website Verma
(2000 estimated NSA
Indices for solar active
prominences(SAP) for
period years 19571998 as
shown in side figure . The
plot of the Year versus
yearly NSA Indices is
shownin the sideFigure.

N—-S Asymmetry

Indices of

Verma (2000, Solar Phys., 194, 87)
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Figure 4. Plot of N-8 asymmetry of SAP events versus year (1957-1998).
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Verma (2000, Solar Phys., 194, 87)

Verma (2000 estimated NSA
indicesfor solar cycles 18-23

for of SAP events as shown 08
In side figure . In Figure T Tt osoe
Verma(2000 also plotted 06

NSA indices for solar cycles
1821 & taken from paper
by (Vizoso & Ballester,
1987. This Figure shows

N—S Asymmetry
o o
o N
1

that NSA indices dominates
in  northern  hemisphere
during solar cycles18-20 and
shift to southern hemisphere
In solar cycles21-23. Verma
(2000 results confirm the o6}
previous  prediction of
Verma(1992 that NSA Will -08 -
be southerly dominated

Indices of

during solar cycles22nd, 23d
aﬂd 24.th Solar Cycle Number

Figure 5. Plot of N-S asymmetry of SAP events versus solar cycle number.

" SOLAR METROLOGY, NEEDS AND METHODS II" Royal Observatory of Belgium, Brussels
( September 21-23, 2015)



Li, etal (2002 investigated
using power spectrum
technique & calculating
the actual probability of
the dominant hemisphere
of solar activity featuresin
each of solar cycles12-22.
Li et al(2002 attempted to
demonstrate that a long
characteristic time scale,
about 12-cycle is possible
and support work of
Verma(1992 93).

A

A

Li, K. J. Et al (2002, A&A, 383, 648)

Li et al (2002) used following
set of data :

Features Period (SC)
Sunspot groups: 123
Sunspot area 3
relative spotno.  1R2
Flare Index 123
Number SD 171

SC: Solar Cycles
SD: Sudden disappearance
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Joshi and Joshi (2004, Solar phys., 219, 343)

Joshi and Joshi (2004
Calculated SXR flares
index for period of 1976
-2003 or 21st to 239 solar
cycles asshown in figure.
From data set we have
calculated yearly NSA
Indices for SXR flares. We
again  estimated NSA
iIndices for solar cycles 21-
23 and found that NSA
Indices  favor southern
hemisphere during solar
cycles21- 23.
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